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“My personal desire would be to prohibit
entirely the use of alternating currents.
They are as unnecessary as they are
dangerous. | can therefore see no
justification for the introduction of a system
which has no element of permanency and
every element of danger to life and

property”
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INTRODUCTION

High density computer environments, utilizing Alternating Current (AC) power supply blade
server technology, are presenting major challenges to owners and operators. Typical facility
Infrastructures cannot accommodate the added heat loads and reliability requirements of such
Installations.

N

Servers equipped with Direct Current (DC) power supplies, instead of AC power supplies,
operate with 20-40% less heat, reduce power consumption by up to 30%, increase server
reliability, offer flexibility to installations and decrease maintenance requirements.

Utilizing current off-the-shelf components, it is possible to install and operate a high reliability
DC power distribution system for a DC powered server environment - without batteries or
complicated AC power system drawbacks. This High Reliability DC Power Distribution
System could be the next generation power system for server environments.
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ABSTRACT

*
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-Recent tests show the ease of combining new
technology DC power systems together to create a high
reliability system topology in a building block
methodology

-A DC system topology offers cost savings, higher
reliability and reduced maintenance requirements

-DC power distribution eliminates the need for static
switches and paralleling controls

-DC power distribution is not susceptible to harmonic
problems

-DC powered servers will eliminate 20-40% of the heat
load from the typical racked configuration

-DC power distribution is the future

Baltdwin vechnotogies inc
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TODAY'S ENVIRONMENT

THE ALTERNATING CURRENT (AC) WORLD

HIGH COST - LOW EFFICIENCY/HIGH LOSS -
MAINTENANCE INTENSIVE

PARALLEL OPERATION REQUIRES HIGH COST ACTIVE
PARALLELING CONTROLS

AC POWERED BLADE SERVERS CANNOT BE
ACCOMMODATED WITHIN THE TYPICAL DATA CENTER
ENVIRONMENT

MULTIPLE CONVERSIONS REQUIRED:

= AC (UTILITY) to DC (UPS INPUT) to AC (UPS OUTPUT) to DC
(WITHIN DATA PROCESSING POWER SUPPLIES)

Baltdwin vechnotogies inc
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TYPICAL SMALL AC POWER SYSTEM UP TO APPROX. 300KVA
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TYPICAL MEDIUM AC POWER SYSTEM UP TO APPROX. 1,000KVA

N
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TYPICAL LARGE AC POWER SYSTEM UP TO APPROX. 2,000KVA
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TOMORROW'S ENVIRONMENT

N
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¢+ Recent developments by multiple manufacturers, for

component parts of a DC based distribution system,
now make it possible to install off-the-shelf

equipment in order to provide a High Reliability DC
Power Distribution System for critical environments.
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DC POWER SOLUTIONS
DC POWER PAC -1

A
N

DC POWER SOLUTIONS

1OAMP FOWER DROF FOR 5KW RACK
20AMP POWER DROP FOR. 1 OKW RACK DC POWER PAC - | : og\%l:écl hcj:?:;sggfg -
40AMP POWER DROF FOR 20KW RAGK
AT 500VDC (TYPICAL) (©) BTl 2004 | O0amps OR 200amp

CAFACITY @ 48VDC
(PATENT PENDING) TYPICAL)
RECTIFIER RACK, - | COKW
NOMINAL
4B0OVAC INPUT
B20VDC CUTFUT

2004, 500VDC, 4-BUS UNIVERSAL BUSWAY WITH DEDICATED DROPS TO RACK MOUNTED DC-DC
CONVERTERS FOR RACK EQUIPMENT POWER AT 48VDC

480VAC, 3-FH »
SYSTEM INPUT

LSII_""

\ DC FLYWHEEL ENERGY STORAGE SYSTEMS
520VDC INPUT
BOOVDC OLTPUT

|0 - 20 RACK STAND ALONE SOLUTION

FUTURE FUEL CELL INTERFACE

Baltlwill technotogies inc
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DEMONSTRATION SYSTEM - CHATSWORTH, CA. - PENTADYNE

N

POWER HQ

=
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DEMONSTRATION SYSTEM - CHATSWORTH, CA. - PENTADYNE
POWER HQ

A
N
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TEST SET-UP 1-LINE

DC POWER SOLUTIONS

FEED FROM PENTADYNE FOR HVDCPDS P~
TESTING AND DEMONSTRATIONS (C) BTl 2004

(PATENT PENDING)

100A, 500VDC, 4-BUS UNIVERSAL BUSWAY WITH DEDICATED DROPS

TCHANELD. TO RACK MOUNTED DC-DC CONVERTERS FOR RACK, EQUIPMENT
BUSWAY INFUT FOWER AT 48VDC
453,“'3‘33 ) ROM NTNJYN UPWWRY SCHAEFER. DC-DC CONVERTER | OAMP POWER. DROPS
20 LOAD = 404.0C APPLICATION TES 500VDC IN / 48VDC OUT FOR 5,000 RACK LOAD
g 234, 1265w AT 500VDC (TYPICAL)
PENTOYNE OUTPUT CAPACITY @ 48VDC TEST SETUP = 3A DROP
el 2 oD MAK TR UF8 D (TYPICAL) FOR | 265W CONVERTER
RECTIMER QUTPUT
DC OUTPUTS:
CHANNEL-C
UIFS BATTERY
e Zsurs
MAX DISCHARGE | = 215A
520VDC OUTPUT NOMONAL 360V-0C MITSUBISH! R
WIRING: CHEMICAL BATTERY SYS UPS
e — CONVERTER OUTPUT
100KW = 2004, 2300 + |#6G IN 1.5C \‘-/ ZEW LDAD = 40A-DC
SOKW = |DOA, 28100 + 1#8G IN |.25'C | 20/208Y PANEL me:m
%
= ?; rﬂs 4 DC LOAD BANK OR
= kS -1 DC POWERED TEST
4B0OVAC, 3-PH = o
SYSTEM INFUT 3 L 3 480-120/208V / SERVER
WIRING: B XPMR
N

1O0KW = |50, 3410 + 1#6G IN 2°C
SORW = 7GA, 383 + | #8G IN | .25'C

PENTADYNE DC FLYWHEEL ENERGY

[EXISTING FACILITY MAIN PANEL

|
| HE o

SYSTEM AIC SOURCE METERING:
PHASE A,B & C ACV + AC
CURRENT

ik iooe = s EQUIPMENT
e, m,::..t T RACK
3-POLE, 4-WIRE %Pé?ﬂmefc
i e oy
INTERNET ACCESS OUTSIDE
LOAD BANK. THE FACTORY-""
FACILTY INTRANET
DRANETZ-BMI  DRANETZ-BMI CONNECTION
DATA-NODE DATA-NODE INFO-NODE
PENTADYNE FACTORY MOCK-UP OF HIGH METERING OPTION - |
RELIABILITY POWER DISTRIBUTION SYSTEM DRANETZ-BMI SIGNATURE SYSTEM
(HRDCFDS)

FOR CRITICAL POWER ENVIRONMENTS




DC POWER SOLUTIONS

DC POWER PAC - 2

- |

EACH RACK,
AB0VAC INPUT

)gﬁm 277/480V - 3-PH, 4-W
o Haow B b Lia & L
T)” 1;)’ )" ?)’ ?}’ T)” T)’

RECTIFIER L(K CLUSTERS - | 20KW NOMINAL

OOVDC (NOMINAL) COLLECTOR BUS

? EE %Smgw

DC FLYWHEEL ENERGY
STORAGE STSIEMS

I

RECTIFIER LCK CLUSTERS - | 20RW NOMINAL

EACH RACK,
ABOVAC INFUT
SOCVDC QUTPUT

|i S00VDC INOMINAL: (..OLLE(.I'UR BUS

[ SO0VDT RATNG: ]
200RW = 400A
FOORW = BOOA
BO0RW = 1 GO0A
COORW = Z000A
| SOOKW = 3000A

2000KW = 40004

DG LOAD

BARK.

NO 11
~ ~

S520V0C INFUT
S500VDC OUTPUT

i

=

DC-DC COVERTERS ————|

A

S00VDC IN / 48VDC OUT

SEW CONVERTER,
INPUT = 10A @ SOOVDC
OUTPUT = 1 00A @48VDC

| ORW CONVERTER,
INFUT = 20A @ S00VDC
QUTPUT = 2004 @48VDC
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: S00VDC (NOMINAL) DISTRIBUTION BUS, S600A

CRITICAL LOAD - HIGH

m}mlm{,

RELIABILITY DC POWER

DISTRIBUTION SYSTEM

(©) BTI 2004

(PATENT PENDING)

DC FLYWHEEL ENERGY
STORAGE SYSTEMS SYSIEMS
T 520VDC INFUT
S00VDC OUTPUT

200A, 500VDC, 4-BUS UNIVERSAL BUSWAY WITH DEDICATED DROPS TO RACK MOUNTED DC-DC
CONVERTERS FOR RACK EQUIPMENT POWER AT 48VDC

EQUIPMENT
[Fef
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COMPONENT PARTS OF THE DC POWER DISTRIBUTION SYSTEM

N

¢ RECTIFIERS: -

= CONVERTS UTILITY OR GENERATOR SOURCED AC POWER TO
500VvDC (NOMINAL) IN ANY COMBINATION OF BUILDING BLOCK
SIZING FOR CAPACITY AND/OR REDUNDANCY

¢ ENERGY STORAGE: -

= PROVIDES DC POWER RIDE THROUGH WITHOUT BATTERIES. UPON
LOSS OF THE AC POWER SOURCE TO THE RECTIFIERS, THE
PENTADYNE FLYWHEEL TECHNOLOGY BASED SYSTEM WILL
SUPPORT THE 500VvDC BUS WHILE ENGINE GENERATORS ARE
BROUGHT ON LINE

Baltdwin vechnotogies inc
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RECTIFIER AND FLYWHEEL CONFIGURATION

N

RECTIFIER VLACK CLUSTERS - | 20KW NOMINAL
EACH RACK

— == w A80VAC INPUT
E; 500VDC OUTPUT

> > 2

500VDC (NOMINAL) COLLECTOR BUS

500VDC RATING:
2O0KW = 400A J J >
A00KW = &00A

BO0OKW = | 6O0A

| OQOOKW = 2000A

| SOOKW = 3000A DC FLYWHEEL ENERGY
2000KW = 4000A STORAGE SYSTEMS

520VDC INPUT
500VDC GUTFLT

Baladwin recnnorogies inc
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COMPONENT PARTS OF THE DC POWER DISTRIBUTION SYSTEM -

N

CONT'D

¢ EQUIPMENT RACK DISTRIBUTION: -

PROVIDES UL LISTED 500VDC POWER DISTRIBUTION TO EQUIPMENT
RACK LOCATIONS WITHIN A COMPACT PACKAGE WITH HOT
SWAPPABLE / MOVABLE CONNECTORS. BUSWAY HAS THE

CAPABILITY OF BEING FED FROM 2 SEPARATE 500VDC SOURCES
FOR REDUNDANCY

¢ DC-DC VOLTAGE CONVERTERS: -

Slide 18

TAKES 500VDC POWER INPUT AND CONVERTS POWER TO LOW

VOLTAGE DC (48VDC, 24VDC, 5VDC, ETC.) AS REQUIRED AT THE
RACK EQUIPMENT. RACK EQUIPMENT CAN BE PROVIDED WITH
MORE EFFICIENT AND COST EFFECTIVE DC POWER SUPPLIES.

Baltdwin vechnotogies inc
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EQUIPMENT RACK DISTRIBUTION & DC-DC VOLTAGE CONVERTER
i CONFIGURATION

N

200A, 500VDC, 4-BUS UNIVERSAL BUSWAY WITH DEDICATED DROFS TO RACK MOUNTED DC-DC
CONVERTERS FOR RACK EQUIPMENT POWER AT 48VDC

A

DC-DC COVERTERS ———_|
500VDC IN / 48VDC OUT
5KW CONVERTER
INPUT = TOA @ 500vDC
OUTPUT = | 00A @48VDC

NINIE[NE]E

| OKW CONVERTER EQU'PM ENT
QUTFUT ~ 200A @ABVDC ‘ RACKS

Baladwin recnnorogies inc
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EQUIPMENT MAINTENANCE & MANAGEMENT SYSTEM FOR

A
N

CRITICAL ENVIRONMENTS

¢ QOctave Technology, Inc-

MAINTENANCE AND ACCURATE RECORDS ARE KEY TO THE
RELIABILITY OF ANY CRITICAL ENVIRONMENT

OCTAVE TECHNOLOGY HAS DEVELOPED A HIGH TECHNOLOGY
BASED SYSTEM TO STORE CRITICAL EQUIPMENT OPERATIONAL AND
MAINTENANCE DATA ON THE EQUIPMENT ITSELF

OCTAVE TECHNOLOGY HAS DEVELOPED SYSTEMS TO MANAGE
SELF-DESCRIBING ASSETS

¢+ DRANETZ-BMI Signature System for PQ Metering-

Slide 20

INTERNET BASED POWER QUALITY METERING
METER DATA ACCESS ANYWHERE INTERNET ACCESS IS AVAILABLE

PROVIDES HISTORIC AND REAL TIME POWER QUALITY METERING
DATA AT ALL CRITICAL POINTS WITHIN THE SYSTEM

PROVIDES DATA FOR AC AND DC POWER MONITORING POINTS AT
THE SAME TIME

Baltdwin vechnotogies inc
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EQUIPMENT MAINTENANCE & MANAGEMENT SYSTEM EXAMPLES

N
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ENGINE/GENERATOR TAGGING OCTAVE TECHNOLOGY

ENGINE/GENERATOR TEST LOG

E.N'GJ.\'E.'GE.\'ERA TORTEST LOG

CATERPILLAR'

START-UP
DATA
Features IYPES OF INFORMATION THAT CAN BE
STORED ON CONTACT MEMORY
The MegaButton™ with memory eapacities of 1, 2, 4 and 8 Megabyles is a rugged data storage BUTTON WHICH CAN BE DOWN-
device designed for use and survival in harsh operating environments. Attached to equipment w
and related components, MegaBuottons offer extended data storage capabilities, allowing large

amounts of information; maintenance or technical manuals, schematic diagrams, x-rays, and
pictures to be stored on the button along with nameplate, configuration and maintenance data.




EQUIPMENT MAINTENANCE & MANAGEMENT SYSTEM EXAMPLES

N

LV BREAKER TAGGING OCTAVE TECHNOLOGY

SWITCHGEAR
LINE-UP
— T o
-C : BREAKER TRIP CHARACTERISTIC DATA ‘ e
MEMORY ACTUAL BREAKER
IRIP SETTINGS
BUTTON
Features
STORED ON CONTACT MEMORY
The MegaButton™ with memory capacities of 1, 2, 4 and & Megabytes is o rugged data storage BUTTON WHICH CAN BE DOWN-
device designed for use and survival in harsh operating environments, Attachead to equipment
and related components, MegaButtons offer extendad data storage capabilities, allowing large W

amounts of infarmation; maintenance or technical manuals, schematic diagrams, x-rays, and
pictures to be stored on the button along with nameplate, configuration and maintenance data.
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EQUIPMENT MAINTENANCE & MANAGEMENT SYSTEM EXAMPLES

N

SYSTEM METERING FOR TESTING DOCUMENTATION -
DRANETZ-BMI Signature System:

The Dranetz-BMI Signature System represents the state of the art in power monitoring systems. It
combines the latest in power monitoring technology with broadly available technologies such as the
Internet web browser and the World Wide Web.

The Signature System is a full featured power monitoring system that combines low cost power/flow
monitoring along with low cost full power quality monitoring in one easy to use system. A unique
feature of this system is there is no manufacturer’s software required to collect and analyze data. All
interactions with the monitoring system are via the common web browser, such as Internet Explorer.
The advantages to this approach are many: No proprietary software to load, no software licensing,
access to data from anywhere that has connectivity to the monitoring system, via network or modem.

Enterprise SW

InfoNode InfoNode

DataNode il DataNode |l DataNode DataNode g DataNode

Baladwin recnnorogies inc
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Figure 1. Basic Architecture of the Signature System.
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Signature System

N

L

Power Quality

High Freq. Transients
Demand/Energy

AC and DC Capable

IP Communications
Intelligent Answer Modules

* & & o6 o o

gﬁﬂf{gmz‘w& System’

Slide 24

Web Enabled User
Interface

Built-in web server

Internet, Intranet, Local
network communications

No PC software required
Easy to use

——— DRANETZ

Baltdwin vechnotogies inc
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SYSTEM SPECIFIC EQUIPMENT
INFORMATION

BﬂlﬂWIII Technoloies ng

ntal Support Solut
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RECTIFIERS & DC - DC CONVERTERS

= BALDWIN TECHNOLOGIES, INC. is working with SATCON POWER
SYSTEMS to develop high efficiency rectifiers and dc-dc converters
specific for this system architecture application.

N

= SATCON is currently providing power conversion products for the
Navy’'s new DD(X) destroyer program for a DC based Integrated Power

System.

ZOMAL SHIP'S
DISTRIBUTION

LOADS

Baladwin recnnorogies inc

Environmental Support Solutions

Slide 26



POSSIBLE RECTIFIER CONFIGURATION

N
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100kW Rectifier for PDU

Isolation Transformer
Installed here if required
DC Filter for one DC polarity
—_— ground or Auto
Transformer Installed if
=YY | 500Vdc required only
155A, 650Vdc nominal * *
For 480Vac input * \A /\_
=~ T N\
or Py = - \ Y~
200Adc, 500Vdc nominal * '  { AC
For 370Vac input with =1l V)
transformer ' ' Breaker
Redifier
Bridge
Rectifier 500Vvdc, 200A
*Rittal Enclosure <> ,
«150 Thermal Mag b_reaker Wlt.h Lockable rotary operatlng handle . AC Fitterto meet
*AC Line Harmonic filter & fusing to meet IEEE519 requirements Bndgef_use |EEE-519
+480/370Vac auto transformer protection requirement

*3 semiconductor line fuses with blown fuse indicators and switches
*200Adc, 500Vac diode bridge 40°C rated with cooling provided

*DC filter for ripple reduction s c
*Output DC fuses 240A rated with blown fuse indicator & switches AT ® N

Power Systems

100kwW PUD Rectifier Power Schematic

480VAC
Source Typically
neutral grounded

BaldWill vechnotogies inc
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PENTADYNE POWER CORPORATION - VOLTAGE SUPPORT
SOLUTION FOR THE ENERGY STORAGE DEVICE

Baladwin recnnorogies inc
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PENTADYNE FLYWHEEL TECHNOLOGY VOLTAGE SUPPORT

A
N

Slide 29

SOLUTION (VSS)

The Pentadyne VSS design employs a carbon-fiber flywheel with an integral
synchronous reluctance motor-generator, weighing just 52 pounds, spinning at 60,000
RPM in a vacuum chamber. The wheel is fully levitated by magnetic bearings resulting
in no mechanical wear. A double walled, double container construction with a fluid
buffer safely contains flywheel energy. An internal molecular vacuum pump built into
the system requires no maintenance. Compared to other flywheel designs, the VSS is
low weight and has a small footprint; it can be easily installed on a computer room
raised floor or other non-conditioned space. A 15-year maintenance life design yields
lower maintenance costs and less downtime for maintenance shutdowns. Consuming
a miserly 300-Watts when idling, the VSS system is very efficient: 99.9% in standby.
Unlike a battery, it can recharge in almost the same time as the discharge time, and
therefore has higher availability, which is important in situations where multiple
disturbance events occur in a short time frame.

Baltdwin vechnotogies inc
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Pentadyne Voltage Support Solution™

he Pentadyne Voftage Support Solution™
provides ride-through power and voltage
stabilization in a variety of areas, including:
1. Uninterruptible Power Supply (UPS)
2. Adjustable Speed Drive (ASD)
3. Distributed Generation (DG)
4. Utility Premium Power
5. Electric Urban Rail

User Interface

Motor and Bearing
Controller Module

Power Conversion |
Module

Flywheel Module
(See rear for details}

Specifications

Rated Power 120 kW
Duration at Rated Power 20 seconds
Useable Energy Storage 0.67 kW.h
(2400 kW.s)
Max. Recharge Power 120 kW
Typical Idle Power Consumption 300 W

Total Weight

590 kg (1300 Ib)

Dimensions (W x D xH)

63 x 83 x 180 cm
(26x33x71in.)

Operating Temperature

-20°C to 50°C
(-4°F to 122°F)

Non-operating Temperature

-20°C to 80°C
(-4°F to 176°F)

Output Voltage

500 to 850 VDC*

Qutput Voltage Regulation +/- 5% DC
Weatherproof Enclosure Optional
Forklift Compatible Yes

*Parameters are set by the user through the Pentadyne system “user interface”

console; for other voltages, please consult Pentadyne.

Operational Flexibility

The Pentadyne Voltage Support Soluticn™ can provide clean constant DC output (or AC output with optional
hardware) for 20 seconds at 120 kW or other combinations of power and time equaling 2400 kW-seconds of

energy (as shown below).

\

Quput Power (kW)

Power Delivery Duration ds)

Baladwin recnnorogies inc
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Pentadyne Voltage Support Solution™

o Pentadyne Flywheel Technology. Unique technology features create unique economic benefits.
Superior customer economic benefits come from Pentadyne Power Corporation’s choice of innovative technologies,
which include:

N

Features Economic Benefits

= Active magnetic bearings * No mechanical losses

+ Internal, integrated vacuum system = Very low aerodynamic losses
= Synchronous reluctance motor-generator = Very low standby losses

+ Fiber composite flywheel * Low cost energy storage

* Unique patented safety system * Low installation cost

Pentadyne’s flywheel technology provides precise electrical power for ride-through and voltage stabilization during
electrical disturbances.

The Pentadyne Flywheel Module

Upper Magnatic Bearing

Molecular Vacuum Pump

Carhon Fibar Flywheal Inner Housing

Statar Synchronous Reluctance M-G Rotor

Liguid Cooling Passages

Lower Magnetic Bearing

Outer Housing

Why Choose Pentadyne Flywheels Instead of Batteries?

Pentadyne's flywheel technology provides superior performance without the high cost of ownership and the
environmental impacts that batteries present. Further, due to the unique operating features such as rapid recharging
and broad operating temperature range, the Pentadyne flywheel can be used where batteries have been ruled out.

Pentadyne Flywheel Batteries
Lifecycle Costs = Very low standby costs + Large float and cooling costs
* Low maintenance costs + High maintenance costs
= Low installation costs « Air conditioned room required
= Small footprint and light weight = Large footprint and heavy
* Long life + Frequently replaced
Reliability = Rapid recharge + Slow recharge

Broad operating temperature range = Narrow operating temperature range
Remotely monitored High failure rate

Save 50-70% of the cost of owning batteries

QOver a 10 year period, considering the space conditioning energy requirements, high maintenance, and frequent
cell replacements, the battery energy storage may cost 2 to 3 times as much as the Pentadyne flywheel system on
a lifecycle basis.

Pentadyne's flywheel technology provides ride-through power for 20 seconds or more—which exceeds the duration BaIJWI” Tech“nlngles I“B

of 98% of all industrial and commercial power quality problems—and provides voltage stabilization during electrical Environmental Support Selutions
disturbances. Get the facts. Contact your Pentadyne Distributor.
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Pentadyne Flywheel Technology VVoltage Support Solution (\VVSS):

N

L
for a 40kw load:

Slide 32

Volts/Amps (DC)

450

400

350

300

250

200 -

150

100

50

System test run data below showing Pentadyne energy storage ride through

2033A, 40 kW Load, Flywheel Full Discharge

Time (S)

2000

-+ 1500

-+ 1000

-+ 500

-500

-1000

-1500

-2000

Volts (AC)

—VBUS
——IFW
VIN (AC)




PENTADYNE HMI
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UNIVERSAL BUSWAY FOR 500VDC DISTRIBUTION

Baladwin recnnorogies inc
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STARLINE B e T R o

'R A CK B US W AY
Also B160 or 160 Amp Systems

2, 3 or 4 pole with/without Isolated ground

4.187 in.

 Accessories - Closure Strip, Wt. Hook,etc
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BUSWAY IS RATED AT 200Amps AT 600V DC

STARLINE

TRATCK B US WAY

HOUSING SECTIONS

spring pressure

*Spring-pressure”
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c us channel busbar

LISTED

MATERTAL:
RATINGS:
LENGTH:

INSULATION:
VOLTAGE DROP:

Toel Force

Housing sections are joined by inserting
male end into open female end so that
stabs are parallel to female slots.
Installation tool is then rotated to force
stabs into slots.
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DC RATED BUSWAY PLUG FOR HVDC POWER DROP
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600VDC RATED BREAKER FOR POWER DROPS
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600VDC BREAKER APPLICATIONS




DC SYSTEM BENEFITS

N
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-LOWER COMPONENT COUNT = HIGHER SYSTEM EFFICIENCIES, GREATER
RELIABILITY, LESS MAINTENANCE COST & LOWER TOTAL COST
OWNERSHIP

-MODULAR & FLEXIBLE: SYSTEM CAN GROW WITH LOAD REQUIREMENT

-ENVIRONMENTALLY FLEXIBLE: SYSTEM FRONT-END COMPONENTS CAN BE
LOCATED IN NON-CONDITIONED SPACES OR ON THE RAISED FLOOR NEAR
LOAD

-PENTADYNE ENERGY STORAGE ELIMINATES NEED FOR CHEMICAL
BATTERIES

-UNIVERSAL STARLINE BUSWAY PROVIDES A MODULAR “GO-AS-YOU-GROW”
STRATEGY FOR DC DISTRIBUTION AS RACK POPULATION CHANGES

-UNIVERSAL STARLINE BUSWAY PROVIDES A DOUBLE END-FEED FEATURE
TO PERMIT REDUNDANT DC SOURCES AT CRITICAL LOADS

-NO DOWN-STREAM STATIC OR TRANSFER SWITCHES ARE REQUIRED,
VOLTAGE MATCHED DC SYSTEMS CAN INHERENTLY BE COUPLED
TOGETHER

- DC DISTRIBUTION ELIMINATES HARMONICS
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DC SYSTEM BENEFITS - CONT'D
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-SIMPLIFIED GROUNDING: POSITIVE GROUNDING OR NEGATIVE
GROUNDING

-OCTAVE TECHNOLOGY MAINTENANCE MANAGEMENT SYSTEM
CONTRIBUTES TO HIGHER SYSTEM RELIABILITY & COST SAVING BY
EFFECTIVELY MANAGING EQUIPMENT DOCUMENTATION

-SYSTEM CONFIGURATION IS A UNIQUE APPLICATION AND PARTNERSHIP
OF EXISTING, AND PROVEN “COMMERCIALLY-OFF-THE-SHELF” (COTS)
EQUIPMENT

-THIS DC SYSTEM HAS NO REQUIREMENT FOR A UPS IN ORDER TO
PROVIDE HIGH SYSTEM RELIABILITY WITH UTILITY POWER OUTAGE RIDE
THROUGH.

-DC DISTRIBUTION ELIMINATES POWER FACTOR CONCERNS
-REDUCES HEAT LOAD AT SERVER RACKS BY 20-40%
-REDUCES POWER CONSUMPTION BY UP TO 30%
-INCREASES SERVER RELIABILITY BY AS MUCH AS 27%
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HIGH RELIABILITY DC POWER DISTRIBUTION SYSTEM COMPARISONS
AC SYSTEM 1 AC SYSTEM 2 DC SYSTEM
% LOSS % EFF % LOSS % EFF % LOSS % EFF
10w STAmeuPs [ -os| ROTORYUPS | 15|  RECTIFIER PENTADYNE 08.7%
PDU & STATIC PDU & STATIC
1.5% SWITCH 98.5% 1.5% SWITCH 98.5%
INSIDESERVER |70 INSIDE SERVER | |
COMPUTER COMPUTER
DC CONVERTER
o | POWER SUPPLY: . o | POWER SUPPLY: . . i .
13.0% AC_DC 87.0% 13.0% ACDC 87.0% 4.0%| 500vDC - 48vDC [96.0%
T UNSIDESERVER | T T T
.| SERVERRALL . .| SERVERRAL ) .| SERVERRAILL .
12.0%yoLTAGE: DC - DC [#8:9% 12.0%yoLAGE: DC - DC [#8-0% 10.0% o 7aGE: DC - DC [20-0%
TOTAL TOTAL SYSTEM | TOTAL TOTAL SYSTEM TOTAL TOTAL SYSTEM
LOSSES EFFICIENCY |LOSSES EFFICIENCY LOSSES EFFICIENCY
37.5% 67.1% 31.5% 71.6% 15.3% 85.3%
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CURRENT RESEARCH AND TESTING ACTIVITIES

N
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ACTIVITY - 1:

= EPRI, ECOS CONSULTING, INC., LAURANCE BERKELEY LABS - WITH INITIATION
GRANT FUNDS FROM THE CALIFORNIA ENERGY COMMISSION and WITH OTHER
INDUSTRY PARTNERS AND SPONSORS - “COMPARISON STUDY OF A FULLY
POPULATED RACK OF DC POWERED BLADE SERVERS VS. A FULLY POPULATED
RACK OF AC POWERED BLADE SERVERS”

ACTIVITY - 2:

= CEETHERM (Consortium for Energy Efficient Thermal Management - UNIVERSITY
OF MARYLAND, GEORGIA INSTITUTE OF TECHNOLOGIES AND OTHER INDUSTRY
PARTNERS - “THE NEED FOR ENERGY-EFFICIENT THERMAL MANAGEMENT”

ACTIVITY - 3:

= JARI (Johnstown Area Regional Industries), CONCURRENT TECHNOLOGIES
CORPORATION (CTC), BK ENGINEERED SALES, UNIVERSAL ELECTRIC CORP. -
WORKING WITH PENNSYLVANIA BASED TECHNOLOGY COLLABORATIVES AND
BUSINESS PARTNERS TO PERFORM SYSTEM TESTING AND ESTABLISH A TEAM
TO BRING OUR DC-UPS SYSTEM TO MARKET

2

*
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BERKELEY LABS

ngﬂ'—Perfﬁrmance Buildings £
&fot High€Tech Industries:

Calculating Energy Savings Using High Efficiency DC Power
Architecture in a Server Application

Servers and other IT products in a data center run on low-voltage DC. The existing AC-based powering
architecture in a data center requires multiple AC-DC-AC conversion that results in an overall system
efficiency of AC-DC lower than 50%. A DC-based powering architecture reduces the number of
conversion process and results in a better overall system efficiency.

This Excel-based calculator provides a first-order estimate of the magnitude of the energy savings based
on converting an AC-based powering architecture to a DC-based powering architecture for a rack of
servers. Comments/Suggestions for improving this calculator are welcome. Please send your comments to
Arshad Mansoor.

http://nightech.lbl.gov/dc-server-arch-tool.html
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CEETHERM

The Need for Energy-Efficient Thermal Management

Cooling requirements for electronic and other microsystems have evolved
significantly over the past two decades. As the levels of functionality and speed
increase dramatically, high performance, high reliability, and energy efficient
cooling techniques are urgently needed. A server farm or data center consists
of thousands of racks with multiple computing units. The heat dissipation from
a single rack containing such units exceeds 10 kW.

As an example, today's typical data center, with 1000 racks, occupies 30,000
square feet and requires 10 MW of power for the computing infrastructure. A
100,000 square foot data center of the future will require 50 MW of power for
the computing infrastructure. The cooling for such a data center will consume
an additional 25 MW of power. Such a data center could cost approximately $45
million each year(@$100/MWh) just to power the servers and $22 million a
year to power the cooling (Data from C. Patel, et. al, ITHERM 2002). Energy
efficiency is the key to containing these costs.

http://www.me.gatech.edu/CEETHERM/Purpose.html
BalIWin technotogies inc
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CONTACT INFORMATION:
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Baldwin Technologies, Inc.

Environmental and Instrumentation Support Sollutions
Mark H. Baldwin, President

4907 Niagara Road, Suite 206 ® College Park, MD 20740 ® Phone (301) 345-8977 @ Fax (301) 345-9538 @ www.baldwintec.com
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